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of sorghum (Sorghum bicolor) sown with two levels of nitrogen fertilizer

Marcia R.R. Coelho a,b, Ivanildo E. Marriel c, Sasha N. Jenkins b,1, Clare V. Lanyon b, Lucy Seldin a,*,
Anthony G. O’Donnell b,1
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A B S T R A C T

Denaturing gradient gel electrophoresis (DGGE) and SYBR Green I quantitative real-time PCR (qPCR)

approaches were used to assess respectively the molecular diversity and the quantity of the nifH gene

sequences in the rhizospheres of two cultivars of sorghum sown in Cerrado soil with contrasting levels of

nitrogen fertilizer. DGGE fingerprinting showed that for both cultivars the presumptive nitrogen-fixing

populations in the rhizospheres were more diverse than in bulk soil. Sequencing of nifH gene fragments

obtained from DGGE bands revealed that members of the order Rhizobiales were prevalent among the

dominant diazotrophs. Discriminant analysis of DGGE profiles resulted into three groups formed by (i)

cultivar BRS 308 sown with high level of nitrogen, (ii) cultivar BRS 308 sown with low level of nitrogen

and cultivar BRS 310 sown either with low or high levels of nitrogen and (iii) bulk soil, showing that the

nitrogen fertilization influenced the nifH gene sequence diversity only in the rhizosphere of cultivar BRS

308. When the quantity of the nifH gene sequences was determined by q-PCR, 2.4 � 105 to

1.3 � 107 copies/g of soil were detected. The highest number of nifH gene copies was observed in the

rhizosphere of cultivar BRS 308 treated with low amount of fertilizer, and a reduction in nifH density was

observed in the rhizospheres of both sorghum cultivars when high levels of nitrogen were applied. Thus,

both the amount of nitrogen fertilizer and the cultivar are important factors influencing the structure

and amount of diazotrophs in sorghum.

� 2009 Elsevier B.V. All rights reserved.
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1. Introduction

Phylogenetically diverse groups of prokaryotic organisms,
belonging to the Bacteria and Archaea domains, are capable of
biological nitrogen fixation (BNF; Young, 1992; Zehr et al., 2003). In
agricultural systems, BNF is particularly important as nitrogen is
usually the limiting nutrient for crop growth and also makes the
reduction of atmospheric nitrogen into bioavailable ammonium an
important source of nitrogen input (Demba Diallo et al., 2004;
Wartiainen et al., 2008). Nitrogen fixation by free-living soil
microorganisms is sometimes considered a minor source of nitrogen
input in soil when compared to systems such as the Rhizobium-
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legume symbiosis (Peoples and Craswell, 1992; Kanungo et al.,
1997). However, non-symbiotic nitrogen fixation occurs in most
soils and has been shown to be the dominant source of fixed nitrogen
in different soils (Widmer et al., 1999; Lovell et al., 2000; Poly et al.,
2001a). Putative diazotrophs belonging to the alpha, beta and
gammaproteobacteria, Cyanobacteria and Firmicutes have already
been found in soil and rhizosphere samples (Widmer et al., 1999;
Poly et al., 2001a; Coelho et al., 2008).

The nifH gene which encodes the iron protein subunit of
nitrogenase is highly conserved among diazotrophs, and a good
phylogenetic correlation has been found between nifH and the 16S
rRNA gene (Young, 1992; Zehr et al., 2003). However, as a
functional gene, nifH has the advantage that it provides evidence
for potential nitrogen fixation (Young, 1992). Moreover, the nifH

gene is the most thoroughly studied gene of the nif operon, with an
extensive collection of sequences obtained from both cultured and
uncultivated microorganisms isolated from multiple environ-
ments (Ueda et al., 1995; Tan et al., 2003; Zehr et al., 2003;
Demba Diallo et al., 2004; Deslippe and Egger, 2006).

Cultivation-independent studies using clone library analyses
(Zhang et al., 2006; Coelho et al., 2008), denaturing gradient gel
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Table 1
Primes used for PCR amplification.

Primers Sequences (50–30) Reference

FGPH19 TAC GGC AAR GGT GGN ATH G Simonet et al. (1991)

PolR ATS GCC ATC ATY TCR CCG GA Poly et al. (2001b)

AQER GAC GAT GTA GAT YTC CTG Poly et al. (2001b)

PolF-GCa TGC GAY CCS AAR GCB GAC TC Poly et al. (2001b)

R = A/G; N = A/G/C/T; H = T/C/A; Y = C/T; S = G/C.
a GC clamp = CGCCCGCCGCGCCCCGCGCCCGGCCCGCCGCCCCCGCCCC.
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electrophoresis (DGGE) (Piceno and Lovell, 2000; Wartiainen et al.,
2008) and terminal or complete restriction fragment length
polymorphism (RFLP) methods (Poly et al., 2001b) have already
shown the great diversity of nifH genes in natural environments.
Despite this extensive knowledge base, little is known about the
assemblages of nitrogen-fixing bacteria and archaea in complex
soil environments (Izquierdo and Nusslein, 2006). One of the
current challenges faced by microbial ecologists is how best to
relate information on the abundance of specific bacterial popula-
tions in the environment with their functional activity (Gray and
Head, 2001). Measuring the relative abundance and dynamics of
functional genes, as an indicator of potential activity, may help link
data on community structure with that on function. Real-time
quantitative PCR (qPCR) has been used successfully to determine
the abundance of nifH sequences in marine environments and
patterns in the vertical, temporal, and seasonal distributions of
nifH phylotypes (Church et al., 2005a,b; Short and Zehr, 2005).
Juraeva et al. (2006) described a method to quantify nifH gene copy
number in plants using qPCR and SYBR Green I, and used this to
evaluate the direct contribution of plant-inhabiting diazotrophs to
plant nitrogen nutrition in cucumber. Wallenstein and Vilgalys
(2005) developed techniques to quantify several important
nitrogen functional genes, including nifH, from two forest soils
using quantitative real-time PCR. Soils differed greatly in their
relative abundance of nitrogen functional genes, which could
reflect the different nitrogen cycling processes in these soils.

In a previous study, Coelho et al. (2008) found that the level of
nitrogen used was the determinative factor influencing the structure
of the diazotroph community when analyzing clone libraries of the
nifH gene pool in the rhizosphere of experimental cultivars of
sorghum sown with contrasting levels of nitrogen fertilizer. In the
present study, we have used DGGE to investigate the influence of low
and high nitrogen fertilizer inputs (12 and 120 kg/ha respectively)
and sorghum cultivar (BRS 308 and BRS 310) on the structure of the
nitrogen-fixing bacterial community. Furthermore, qPCR was used
to estimate the effects of plant cultivar and the rate of nitrogen input
on total nifH gene abundance.

2. Materials and methods

2.1. Experimental conditions, soil and sorghum cultivars

The field experiment was carried out at EMBRAPA Maize and
Sorghum, Sete Lagoas, Minas Gerais, Brazil, located at latitude
198280S and longitude 448150W, at a height of 732 m. The local
climate is of the savannah type, with a mean temperature in the
coldest month above 18 8C. The soil planted with two different
cultivars of sorghum (Sorghum bicolor) was classified as a clayey
Distrophic Red Latosol (Oxisol), Cerrado stage (coarse sand 6%, fine
sand 4%, silt 12%, and clay 78%). Physical and chemical analyses of
the soil showed low organic matter content (3.27 dag/dm3), a pH
value of 6.2, and P, K, Ca, and Mg contents of 11, 80, 5.85 and
0.87 cmolc/dm3, respectively. The two commercial sorghum
cultivars (BRS 308 and BRS 310) were chosen based on their
agricultural importance. Briefly, they can be described as follows:
BRS 308, red grain, three-dwarf, 65–70 days from planting to
flowering, and a grain productivity of 5490 kg/ha; BRS 310, red
grain, three-dwarf, 65 days from planting to flowering, and a grain
productivity of 5270 kg/ha. The experimental design consisted of
two lines of 5 m of length with spaces of 0.8 m between lines and
0.2 m between plants. Cultivars were planted randomly in each
line. One line received 12 kg of nitrogen/ha (low concentration of
nitrogen) and the other 120 kg of nitrogen/ha (high concentration
of nitrogen). Five plants of each sorghum cultivar were harvested
90 days after sowing and the roots shaken to remove the loosely
attached soil. The adhering soil of the five plants was pooled and
considered as the rhizosphere soil. Samples were kept at �208C
before DNA extraction.

2.2. DNA extraction from bulk and rhizosphere soils

DNA was extracted from rhizospheric and non-rhizospheric
(bulk) soil samples in triplicate (0.5 g of each sample) according to
the method of Griffiths et al. (2000). Extracted DNAs were
visualized on 0.8% (w/v) agarose gels to assess their integrity
and then stored at 4 8C prior to PCR amplification.

2.3. PCR amplification of nifH gene for DGGE analysis

The nifH DNA sequences in the soil samples were amplified using
a nested PCR as described by Demba Diallo et al. (2004). The first PCR
was carried out with the forward primer FGPH19 and the reverse
primer PolR (Table 1; Simonet et al., 1991; Poly et al., 2001b)
generating a product of 429 bp. The second PCR was carried out with
the forward primer PolF containing a GC clamp and the reverse
primer AQER (Table 1; Poly et al., 2001b), yielding a product of
320 bp (including the GC clamp sequence). The 30 ml reaction mix
contained: 1 ml of template DNA (50–100 ng), 5 ml of 10�PCR buffer
(100 mM Tris–HCl, pH 9; 500 mM KCl), 1.5 mM MgCl2, 0.5 mM of
each primer, 200 mM of each dNTPs and 2.5 U of Taq DNA
polymerase. For the second PCR, 1 ml of the first PCR product was
used as a template. The amplification conditions used were: 30
cycles consisting of denaturation at 94 8C for 1 min, annealing for
1 min at 55 8C for the first PCR and at 48 8C for the second PCR, primer
extension at 72 8C for 2 min, with a final extension at 72 8C for 5 min.
Negative controls (without DNA) were run in all amplifications. PCR
products were analyzed by 1.5% agarose gel electrophoresis
followed by staining with ethidium bromide to confirm their sizes.

2.4. DGGE

DGGEs were carried out using the D-Code system from Bio-Rad
Laboratories. PCR products (10–15 ml) were loaded onto 8% (w/v)
polyacrylamide gels, 1 mm thick, in 1� TAE buffer (20 mM Tris–
acetate, pH 7.4, 10 mM acetate, 0.5 mM disodium EDTA). The
denaturing gradient contained a linear denaturing gradient from 20
to 70% [100% denaturant corresponded to 7 M urea and 40% (v/v)
deionized formamide]. Electrophoresis was performed at a constant
voltage of 200 V for 4 h. After electrophoresis, the gels were stained
for 30 min with SYBR Green I nucleic acid gel stain (Molecular
Probes, Oregon, USA) and digitized using a Bio-Rad Fluor Multi-
Imager (BioRad Laboratories, Hemel Hempstead, UK). This proce-
dure was semi-automated using the software package
BIONUMERICS 2.5. (Applied Maths, Sint-Martens-Latem, Belgium).
To enable the comparison between gels, a mixture of 10 well
resolved 16S rRNA gene clones (Newcastle University) was loaded in
each gel and used as markers on the left, middle and right hand lanes.

2.5. Statistical analysis

Multivariate pattern recognition was performed using the PLS-
Discriminant Analysis (PLS-DA), SIMCA-P software package (ver-
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sion 10.0, Umetrics AB, Umeå, Sweden). As a priori information
(independent variable) only the replicates were used. No
information concerning the expected grouping of samples was
provided.

2.6. Sequencing of excised nifH-DGGE bands and phylogenetic

analysis

Bands excised from the DGGE gels were eluted in 50 ml of water
(4 8C overnight). Each supernatant (1 ml) was used as the PCR
template with the primers PolF (without GC clamp) and AQER, as
described above. The PCR products were purified using the ExoSAP-
IT purification kit (GE Healthcare, Uppsala, Sweden), according to
the manufacturer’s instructions. Sequencing was performed with
the automated sequencer ABI-Prism 370 (Applied Biosystems,
Foster City, CA, USA) using the ABI-Prism sequencing kit and the
primer AQER. The nifH sequences obtained were identified by
BLAST-N analyses using the GenBank database (http://blas-
t.ncbi.nlm.nih.gov/blast.cgi). All sequences obtained in this study
have been submitted to the GenBank database under accession
numbers EU750895 to EU750905, EU750907 and EU750908.

2.7. Real-time PCR assays

nifH gene abundance was quantified by real-time PCR (qPCR)
using the primers PolF and PolR primer (Poly et al., 2001b). qPCR
was performed using a LightCycler instrument (Roche) and a SYBR
Green I fluorophore protocol as recommended by the manufac-
turer. Amplification was carried out in 20 ml reaction volumes
containing 5 ml of diluted template DNA, 300 nM of each primer,
9 ml of PCR-grade water and 4 ml of LightCycler Faststartplus DNA
Master SYBR Green I (Roche, Mannheim, Germany). All amplifica-
tions were performed in triplicate. PCR-grade water (no template)
was used as a negative control throughout. Thermal cycling for the
assays consisted of 95 8C for 10 min, followed by 30–40 cycles of
denaturation at 95 8C for 15 s, annealing at 55 8C for 10 s, and
elongation at 72 8C for 15 s. Fluorescence signals were measured
once per cycle at the end of the denaturation step. After
amplification, a melting curve was obtained by heating the
products to 95 8C, cooling them to 65 8C and then gradually
Fig. 1. Denaturing gradient gel electrophoresis (DGGE) fingerprints of nifH gene fragments

soil amended with low and high levels of nitrogen, and non-rhizospheric soil (NR). Lanes c

N2 A1, (5) NR N1:1, (6) NR N2:1, (7) BRS 308 N1 A2, (8) BRS 308 N2 A2, (9) BRS 310 N1 A2

N2 A3, (15) BRS 310 N1 A3, (16) BRS 310 N2 A3, (17) NR N1:3, (18) NR N2:3. M correspond

level of nitrogen (120 kg/ha); A1, A2 and A3 represent replicates. Arrows indicate the
heating them to 95 8C at a rate of 0.2 8C/s. The specificity of the
qPCR products was confirmed by melting curve analysis and gel-
based post-PCR analysis. A sample was only considered positive if
it exhibited a log-linear (exponential) amplification in the
fluorescence curve and either a specific peak in the melting curve
(between 85 and 92 8C for nifH gene assays), or showed a specific
band with the expected fragment size on a 1.5% agarose gel.
Triplicate results of real-time PCR measurements were averaged
and the standard error was calculated. Standard curves were
constructed for each primer set based on triplicate 10-fold
dilutions of a DNA standard containing a known number of target
gene copies using procedures recommended by the manufacturer
(Roche LightCycler software).

3. Results

3.1. DGGE analysis of the nitrogen-fixing bacteria

DNA was recovered from all rhizosphere samples—two
cultivars (BRS 308 and BRS 310) with low and high nitrogen
fertilizer (12 and 120 kg/ha respectively) and also from bulk soil
samples. All DNA samples (six in triplicate) were successfully
amplified using the nested PCR protocol described in materials and
methods. The resulting 320 bp-nifH gene fragments were then
resolved by DGGE. Highly reproducible DGGE profiles (with only
minor differences) were obtained among triplicates from bulk and
rhizosphere soil samples (Fig. 1a and b). On the other hand,
different banding patterns were observed between samples
(Fig. 1). PCR amplified nifH gene fragments from rhizosphere
and bulk soil samples revealed marked shifts in diazotrophic
community composition in response to the presence of the plant
(sorghum rhizosphere vs non-rhizosphere soils), cultivar type (BRS
308 vs BRS 310) and amount of fertilizer used (low nitrogen vs high
nitrogen inputs). In general, a greater diversity of nifH gene
fragments (band richness) was observed in the rhizosphere soil of
cultivar BRS 308 than of cultivar BRS 310. In addition, the
diazotrophic community present in the rhizosphere of both
cultivars was affected by the high amount of nitrogen fertilizer
used, since both the band richness and intensity were reduced in
this condition.
amplified from soil DNA templates—cultivars BRS 308 and BRS 310 sown in Cerrado

orrespond to: a (1) BRS 308 N1 A1, (2) BRS 308 N2 A1, (3) BRS 310 N1 A1, (4) BRS 310

; b (10) BRS 310 N2 A2, (11) NR N1:2, (12) NR N2:2, (13) BRS 308 N1 A3, (14) BRS 308

s to Markers, N1 represents low level of nitrogen (12 kg/ha) and N2 represents high

bands that were extracted from the gel, reamplified, and sequenced.
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Fig. 2. PLS-Discriminant analysis of rhizospheres samples from cultivars BRS 308, BRS 310 sown in Cerrado soil amended with low and high levels of nitrogen and non-

rhizospheric soil (NR). N1 represents low level of nitrogen (12 kg/ha) and N2 represents high level of nitrogen (120 kg/ha); A1, A2 and A3 represent replicates.

Table 2
Identification by NCBI BlastN (first hit and most similar sequences from known diazotrophic bacteria) of nifH sequences retrieved from DGGE bands.

Band Closest match % identity Closest match (cultured) % identity Phylogenetic positiona

Band 01 Uncultured bacterium clone IS110 EU048166.1 98% Mesorhizobium loti AB367742.1 96% a; Rhizobiales

Band 02 Uncultured bacterium clone IPA74 EU048016.1 93% Azohydromonas australica AB188121.1 88% b; Burkholderiales

Band 03 Uncultured bacterium clone IS110 EU048166.1 97% Mesorhizobium loti AB367742.1 94% a; Rhizobiales

Band 04 Klebsiella pneumoniae AY242355.1 96% – g; Enterobacteriales

Band 05 Azohydromonas lata AB188122.1 98% – b; Burkholderiales

Band 06 Uncultured bacterium clone IS98 EU048155.1 92% Mesorhizobium loti AB367742.1 90% a; Rhizobiales

Band 07 Uncultured bacterium clone IS110 EU048166.1 96% Mesorhizobium loti AB367742.1 94% a; Rhizobiales

Band 09 Klebsiella pneumoniae AY242355.1 98% – g; Enterobacteriales

Band 12 Uncultured bacterium clone IS92 EU048149.1 99% Delftia tsuruhatensis AY544164.1 98% b; Burkholderiales

Band 13 Uncultured bacterium clone IS41 EU048099.1 98% Bradyrhizobium sp. AB079620.1 92% a; Rhizobiales

Band 15 Uncultured bacterium clone DQ995905.1 94% Azospirillum brasilense 91% a; Rhodospirillales

Band 41 Uncultured bacterium clone IS110 EU048166.1 97% Mesorhizobium loti AB367742.1 94% a; Rhizobiales

Band 42 Uncultured bacterium clone IPA69 EU048011.1 98% Mesorhizobium loti AB367742.1 94% a; Rhizobiales

a a, Alphaproteobacteria; b, Betaproteobacteria; g, Gammaproteobacteria.

Fig. 3. Quantification of nifH gene copies in samples from cultivars BRS 308, BRS 310

sown in Cerrado soil amended with low and high levels of nitrogen and non-

rhizospheric soil (NR). N1 represents low level of nitrogen (12 kg/ha) and N2

represents high level of nitrogen (120 kg/ha); A1, A2 and A3 represent replicates.
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3.2. Comparison of community structure

A total of 17 different band positions could be identified in
DGGE profiles and used for multivariate statistical analysis (PLS-
DA). As a result, the samples could be separated into 3 groups: (i)
cultivar BRS 308 sown with high levels of nitrogen, (ii) BRS 308
sown with low levels of nitrogen and BRS 310 sown with either low
or high levels of nitrogen and (iii) non-rhizosphere soil (Fig. 2). This
pattern of grouping indicates that the nitrogen amount applied in
soil had an influence over the cultivar BRS 308 nitrogen-fixing
populations but not over those from BRS 310. Hence, the sorghum
cultivar type does not seem to influence the diversity of the
nitrogen-fixing community found in rhizospheres under low levels
of applied nitrogen. Moreover, the rhizosphere of both cultivars
appears to select specific diazotrophs, as a statistically different
population could be observed in bulk soil.

3.3. Phylogenetic analysis

Thirteen bands were retrieved from the DGGE gels, reamplified,
and sequenced. BLAST-N analyses revealed that 10 bands (77%)
were closely related to nifH genes of uncultured bacteria, and the
remaining nifH sequences were affiliated with Klebsiella pneumo-

niae (two sequences) or Azohydromonas lata (Table 2). Since 77% of
the clones matched most closely with nifH genes from uncultured
organisms, the first hit in BLAST-N matching to a culturable strain
was also considered. Hence, the clones were affiliated with known
diazotrophs such as Mesorhizobium loti, Azohydromonas australica,
Delftia tsuruhatensis, Bradyrhizobium sp. and Azospirillum brasilense.
Details of the sequence identities and their percentages of
similarities are given in Table 2.
3.4. nifH gene quantification

Triplicate results of real-time PCR measurements were
averaged and the standard error was calculated. The assays were
highly reproducible and the standard error was low. The nifH gene
abundance ranged from 2.4 � 105 to 1.3 � 107 copies/g of soil
(Fig. 3). The number of nifH genes detected in the rhizosphere soil
of the two cultivars submitted to different fertilizer regimes varied
markedly. Overall, diazotroph numbers (as determined by nifH
gene abundance) were higher in the rhizospheres than in the non-
rhizosphere soils. This suggests that the presence of the plant
promotes diazotrophy. Higher nifH gene abundance was observed
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in the rhizosphere from cultivar BRS 308 than that from cultivar
BRS 310 and bulk soil. Fertilizer input also influenced diazotroph
populations since there was a significant decrease in nifH gene
abundance in rhizosphere soil from both cultivars when high rates
of nitrogen were applied to the crops. This was not observed in the
non-rhizosphere soil where nifH gene abundance remained similar
regardless to nitrogen inputs.

4. Discussion

The molecular diversity and the quantity of the nifH gene
sequences in the rhizospheres of two cultivars of sorghum sown in
Cerrado soil with contrasting levels of nitrogen fertilizer were
assessed by nifH PCR-DGGE and qPCR analyses. For the amplifica-
tion of the nifH gene from the rhizosphere and bulk soils, a nested
PCR approach proved to be necessary since the number of nitrogen
fixers are usually low when compared with the whole microbial
community. Although diazotrophs are highly adapted to different
soil physical and chemical conditions, diazotrophic bacteria are
rarely dominant in terrestrial ecosystems (Tate, 1995). For
example, in forest soils, only approximately 5% of the clones from
16S rDNA clone libraries could be related with nitrogen-fixing
bacteria (Widmer et al., 1999; Mergel et al., 2001). However,
biological nitrogen fixation is considered a very important source
of nitrogen input in soil (Demba Diallo et al., 2004; Wartiainen
et al., 2008).

The denaturing gradient gel electrophoresis fingerprints
obtained for the nitrogen-fixing communities analyzed here showed
that, regardless of different sorghum cultivars, the rhizospheres
harbored populations more diverse than those found in bulk soil. The
data presented here can be related to a rhizosphere effect, with an
increased microbial activity in the area surrounding the root (Bowen
and Rovira, 1991). In addition, a greater diversity of nifH gene
fragments (band richness) was observed in the rhizosphere soil of
cultivar BRS 308 than of cultivar BRS 310 (Fig. 1), indicating that the
structure of the nitrogen-fixing community of the two cultivars is
different. Therefore, the results presented here emphasize the
importance of the cultivar type when selecting nitrogen-fixing
strains for use as sorghum inoculants. Based on culture methods, a
linear relationship between the cultivar and bacterial community
has been reported by Garcı́a de Salamone et al. (1996) for maize–
genotype association with Azospirillum and by Carelli et al. (2000) for
alfalfa cultivars and Sinorhizobium. Similar results have been
observed by Coelho et al. (2007) for sorghum cultivars and
Paenibacillus using a molecular approach.

One advantage of DGGE analysis is that the DNA can be extracted
from the gels, the sequence analyzed on the purified amplicons
enabling the identification of bacterial members of the rhizosphere
community. In this study, the amplified DNA sequences from
uncultured environmental clones were prevalent. These clones may
represent novel sequences of nitrogen-fixing bacteria. Clones that
could not be affiliated with any culturable strain have been found in
other microbial ecology studies (Izquierdo and Nusslein, 2006;
Buckley et al., 2007; Coelho et al., 2008; Wartiainen et al., 2008).
When the first hit related to a culturable bacterium was considered
in BLAST, Rhizobiales was the major order found. The high
abundance of Alphaproteobacteria nifH genes found could be
explained by crop rotation with leguminous plants (soybean) in
the sites where the sorghum was collected. Moreover, the roots of
different non-leguminous plants (rice, maize and wheat) can be
colonized by rhizobia (Yanni et al., 1997; Chaintreuil et al., 2000;
Gutierrez-Zamora and Martinez-Romero, 2001).

Discriminant analysis based on DGGE profiles showed that
contrasting fertilizer regimes (12 and 120 kg/ha) had little
influence on the nifH gene pool diversity in cultivar BRS 310 but
high influence in cultivar BRS 308 (Fig. 2). This result suggests that
the community structures of both cultivars respond differently to
nitrogen fertilizer regimes. However, assessment by qPCR of the
two cultivars of sorghum sown with contrasting levels of nitrogen
fertilizer showed that the abundance of nifH copies decreased in
both rhizospheres when the high amount of fertilizer was used
(Fig. 3). This trend was not observed in bulk soil where a very low
diazotroph density was detected and nifH gene abundance was
similar regardless the fertilizer treatment used. The decrease in
nifH gene abundance observed in both cultivars could be explained
by the sensitivity of certain bacterial groups present in their
rhizospheres to nitrogen fertilizer. Wu et al. (2009) have already
demonstrated that the relative abundance of Alphaproteobacteria

in the nifH gene pools was dramatically decreased with nitrogen
fertilizer application. However, it is important to draw attention to
other investigations on the controvertial effect of nitrogen
fertilizers on the microbial population in soil (Knauth et al.,
2005; Roesch et al., 2006). A remarkable stability in the rhizo-
sphere’s diazotrophic population was observed after addition of
nitrogen fertilizers (Bagwell and Lovell, 2000; Piceno and Lovell,
2000). Moreover, Juraeva et al. (2006) demonstrated that the
relative abundance of the nifH gene pool in cucumber roots was,
unexpectedly, positively correlated with nitrogen supply. In
conclusion, the amount of nitrogen fertilizer affects the nitro-
gen-fixing bacteria present in plant rhizospheres in different ways,
depending not only on the plant species and/or cultivar, but also
possibly on plant age and on key diazotrophs present in a
particular environment. In the present study, the abundance of
nifH genes in the rhizosphere of two sorghum cultivars differed
significantly between them (greater in cultivar BRS 308) and when
two different levels of nitrogen fertilizer were applied (Fig. 3).
Therefore, we conclude that both cultivar and the amount of added
nitrogen may influence diazotrophic population densities for
sorghum planted in Cerrado soil.
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